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Introduction: The latest evolution in minimally invasive surgery is to avoid skin incisions by using natural
oriﬁces, called natural oriﬁce translumenal endoscopic surgery (NOTES). However, to safely and efﬁ-
ciently perform NOTES, the requirements of the operating platform used need to be modiﬁed from the
conventional endoscope. The aim of this paper is to systematically review specialised operating plat-
forms used or in development for NOTES procedures.
Methods: A review of the literature was conducted using Ovid EMBASE, Ovid MEDLINE, ISI Current
Contents Connect and PubMed, a search tool of the National Library of Medicine and the national
institute of Health, until the 1st of December 2008. Data was extracted to speciﬁcally characterise the
available platforms, their availability, advantageous characteristics and potential disadvantages.
Results: There were 9 studies included in this review describing 6 different navigation platforms and 3
robotic systems for NOTES. Based on this analysis, it is our opinion that although the described surgical
systems and navigation platforms possess some attractive characteristics, such as maneuverability,
stability, enhanced optics, and the ability to provide triangulation and insufﬂation with proper suction/
irrigation maintenance, there does not appear to be one platform which is clearly superior to others.
Conclusion: Current instruments are not suited for effective surgery in a NOTES environment. There are
several important requirements for NOTES platform: 1) to provide safe access to the peritoneal cavity; 2)
to provide a stable channel for instrumentation passageway and safe navigation, 3) to provide good
visualization and illumination, thereby decreasing disorientation, 4) to maintain proper insufﬂation and
suction/irrigation, and 5) to provide maneuverability and triangulation of the instruments. Effective
collaborations between clinicians, engineering departments and industry are essential to maximise and
expedite the innovative process in producing an optimal NOTES platform.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Since the beginning of the 20th century, physicians have
promoted laparoscopy as a valuable adjunct to the diagnosis and
treatment of diseases of the abdominal cavity. Laparoscopy,
however, failed to become widely accepted among abdominal
surgeons until Philippe Mouret performed his ﬁrst laparoscopic
cholecystectomy in 1987.1 Several laparoscopic procedures have
now become the methods of choice, including, for example,ery and Surgical Technology,
0th Floor QEQM, St. Mary’s
.: þ44 (0) 20 7886 6840; fax:
arimyan).
ciates Ltd. Published by Elsevier Ltlaparoscopic reﬂux surgery,2 cholecystectomy,2 appendectomy,3
adrenalectomy,4 some forms of obesity surgery5 and within the
treatment of subgroups of inguinal hernia.6 Although the devel-
opment of minimally invasive surgery has been criticized by some,
it continues to increase in popularity, since these techniques are
associated with less trauma for the patient and decreased
morbidity.7
The use of endoscopy for diagnosing and treating ailments of the
alimentary tract has evolved steadily over the past few decades. In
the 1950s, endoscopy relied on stiff telescopes, direct visualization,
and hazardous sources of lighting. The introduction of ﬁber optics,
charge-coupled-device cameras, and increasingly resourceful light
sources has enabled investigators to research areas of the human
gastrointestinal tract through ﬂexible endoscopy not previously
thought to be reachable without formal surgical exploration.8d. All rights reserved.
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represents an appealing concept to pursue in minimally invasive
procedures, because it is less invasive, more team dependent, and
more technologically intensive.9 The ﬁrst report of oral peritoneo-
scopy performed on animals was published by Kalloo et al. in
2004.10 Since then, multiple researchers have used translumenal
ﬂexible endoscopy in animal models to perform various intraperi-
toneal procedures, ranging from tubal ligation to splenectomy.11
NOTES technique is currently in its infancy in visceral surgery10,12,13
and to bring NOTES closer to the routine clinical setting a new set of
tools must be developed.14,15 Deconstruction of the endoscope and
reconstruction in a NOTES-friendly manner will be an important
long-term contribution.16 Existing endoscopes have been designed
for maximum ﬂexibility to ease their introduction and passage
through the gastrointestinal tract. Stability of the tip of the scope
was not necessary for therapeutic interventions, as the narrow
gastrointestinal track allowed enough stability and ﬁxation during
endoscopic procedures. Narrow ﬁeld of view, inadequate depth
perception, imperfect tactile feedback as well as restricted mobility
and instrument management are accepted limitations in minimally
invasive surgery using endoscopic instruments. According to Bar-
daro and Swanstro¨m17 there are several speciﬁc requirements for
endoscopes considered for NOTES, including size, image, insufﬂa-
tion, suction and irrigation, maneuverability, stability and trian-
gulation. These are illustrated in Table 1 (From Bardaro SJ,
Swanstrom L. Development of advanced endoscopes for Natural Oriﬁce
Transluminal Endoscopic Surgery (NOTES). Minim Invasive Ther Allied
Technol 2006; 15(6):378–83).
Current endoscopes do not satisfy most of the requirements
mentioned above.2. Methods
2.1. Literature search
The literature review was conducted using the following data-
bases: Entrez-PubMed, Ovid EMBASE, Ovid MEDLINE, ISI Current
Contents Connect and the Cochrane Library until the 1st of
December 2008. The method used for this review is similar toTable 1
Requirements for endoscopes to be used for NOTES.
Size: The shaft should be between 18 and 22 mm in diameter and should contain at
least 3 channels ranging in size from 3 to 6 mm. One channel for imaging and at
least two other channels to maneuver instruments.
Image: The image should have sufﬁcient resolution and adequate illumination to
distinguish different anatomical structures. These requirements can be met with
the current state of digital imaging used in present day endoscopes and
laparoscopes.
Insufﬂation: The device should have high ﬂow CO2 insufﬂation to create sufﬁcient
pneumoperitoneum so that there is adequate space to maneuver the instruments
safely. Because intraperitoneal pressures in excess of 15 mm Hg. are injurious,
systems that control intraperitoneal pressure are needed.
Suction/irrigation: The device should be able to efﬁciently remove blood, blood clots
and ﬂuids from the surgical ﬁeld. Managing potential complications require their
prompt recognition and proper instrumentation for timely intervention.
Maneuverability: The tip of the device should have the ability to maneuver in all
planes: vertical, horizontal and lateral and the shaft should have the ability for
180 retroﬂexion.
Stability: The device should allow complete ﬂexibility for insertion and positioning
with subsequent rigidity of the shaft and continued ﬂexibility of the tip.
ShapeLock technology currently available could solve this requirement.
Triangulation: It should give the surgeon the ability to manipulate tissue with
traction and counter-traction in all planes. In order to accomplish this task
efﬁcient grasping technology and a wide multitasking platform need to be
developed.previous reviews published by this research group.18,19 The
keywords used for the search included ‘‘natural oriﬁce’’, ‘‘naviga-
tion platform’’,’’ surgical system’’, ‘‘transluminal surgery’’, ‘‘trans-
lumenal surgery’’, ‘‘micro robots’’ and ‘‘NOTES’’. The search was
performed using the ‘‘related articles’’ function. The bibliographies
of all publications were manually searched for any relevant
references.2.2. Endpoints
NOTES navigation platforms and navigation systems were
reviewed focusing on the following endpoints: 1) characteristics of
the platforms, 2) availability, 3) advantageous characteristics, and
4) potential disadvantages.2.3. Inclusion and exclusion criteria
Inclusion criteria included all articles which related to a surgical
systems and navigation platforms speciﬁcally attempted for use in
NOTES. No language restrictions were considered for this review.
All articles regarding the NOTES-related instruments for tissue
manipulation, dissection, haemostasis and tissue closure were
excluded. All articles were independently reviewed as to whether
they fulﬁlled the above-mentioned criteria.Fig. 1. NeoGuide System.
Fig. 2. TransPort and ShapeLock form USGI.
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This review included 6 different navigation platforms and
3 robotic systems for NOTES. Two previous reviews relating to
navigation systems in MIS were consulted, however, these did not
describe systems speciﬁc for NOTES procedures.20,21Fig. 3. Cobra from USGI.3.1. Endoscope-based platforms
3.1.1. The conventional ﬂexible endoscope
Currently available ﬂexible endoscopes are insufﬁcient to
perform transluminal surgical procedures. Issues with modern
ﬂexible scopes include the lack of a multitasking platform, the
number and size of access channels, the inability to position and
then ‘‘rigidize’’ the endoscope to allow robust retraction and
exposure, the inability to control insufﬂation pressures, ﬁxed visual
horizons that force the surgeon to adjust to tilted or inverted views,and inadequate suction/irrigation capabilities. Although these
problems can be solved to some extent with adequate scope-
handling skills and by varying the surgical approach, the platform
remains sub-optimal for regular use. The main advantages of the
endoscope for NOTES are that it is readily available and operators
are used for the manipulation of the instrument. All published
human trials have been using the ﬂexible endoscope.19,22–25
3.1.2. NeoGuide
The genesis of the NeoGuide systemwas for colonoscopy. It has
been developed to overcome the problems of looping during
traditional colonoscopy,26 (Fig. 1). The system detects the insertion
depth of the endoscope and the position of the tip of the colono-
scope and based on that it creates a real-time 3D map of the
patient’s colon. System’s sensor attaches to the patient and that
sensor indicates the depth of the insertion of the endoscope. The
NeoGuide system also has the ability to measure the angle of
articulation at the tip. By linking these two data inputs, they are
able to track the tip of the scope at any given depth. As the colo-
noscope is advanced, the computer directs each following segment
to take the same shape that the tip had at a given insertion depth.
The insertion tube consequently changes its shape at different
insertion depths in a ‘follow-the-leader’ manner. The NeoGuide
system has a steering mechanism with a simple joystick thumb
control. In addition to maneuverability, NeoGuide system has
ability to become rigid providing ‘‘bird’s eye’’ view, which is similar
to laparoscopy that allows having wide ﬁeld of view. The stability is
also an advantage. According to the developers, the NeoGuide
scope would be able to raise and support tissues, which is very
important for NOTES procedures.27 Belson concludes that in bench
and clinical studies, the NeoGuide system has been shown to
potentially address looping in colonoscopy. When applied to
laparoscopy or NOTES, this technology may also address the needs
for improved surgical site access, stability during surgery and
orientationwhen navigating to the surgical site. Early bench studies
are reported to have been promising in all of these areas. Further
animal and cadaver studies are underway to optimize the platform
design.28 NeoGuide is available for use in colonoscopy, but there is
no information for the speciﬁc application of NOTES.
3.1.3. TransPort and ShapeLock
The TransPortMulti-lumen Operating Platform (USGIMedical,
USA) serves as a platform for introducing the endoscope and ﬂex-
ible instrument (Fig. 2). The TransPort uses ShapeLock tech-
nology, which allows it to be inserted via a natural oriﬁce in
a ﬂexible state. It then can be locked into a rigid conﬁguration,
providing a stable platform for surgery.29,30 The working end of the
Fig. 4. R-Scope, Olympus.
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alization of the target.
The TransPort has 4 operating channels (two 6 mm and two
4 mm channels). An endoscope is inserted through one channel to
illuminate and visualize the operative site. The endoscope can be
rotated within this channel to regulate the visual horizon so that
‘‘up’’ is truly ‘‘up’’, regardless of the position of the TransPort,
thereby decreasing disorientation. The other channels may contain
surgical instruments. The Transport is capable of 180 retroﬂexion
as well as lateral movements and can be frozen in place by closing
a lever, whereas the tip still has independent four-way movement
for ﬁne surgical maneuvers.31 It also provides the use of controlled
CO2 insufﬂation, providing the safety and control of laparoscopic
insufﬂation. According to Swanstrom and Bardaro,17 triangulation
is still minimal for the TransPort device. The complexity of the
system requires skilled and advanced assistants. The manualFig. 5. The Direct Drive Endoscopic System (DDES).36control of the system does not allow smooth and precise move-
ments of the end of the scope and instruments.
3.1.4. Cobra
The ‘‘Cobra’’ device has been developed by USGI (USGI Medical,
USA) to solve the issue of triangulation. They added 3 independent
arms to the ShapeLock-based shaft TransPort (Fig. 3). The idea of
endoscopic triangulation is to reproduce the experience of complex
two-handed laparoscopic dissection and suturing. The advantages
of endoscopic triangulation are the ability to perform traction and
counter-traction and to maintain visualization of the surgical area
without moving the optics when the instruments are moved.
The Cobra device uses a standard 6 mm ﬂexible endoscope
inserted through the center channel of the scope. This makes the
Cobra itself less complex and therefore more cost effective.
Although the controls of this device are mechanical, currently the
cable-driven controls are imprecise, which makes the Cobra difﬁ-
cult to use for ﬁne procedures. Another disadvantage of this tech-
nology is that the instruments are ﬁxed and require that the device
be removed to exchange tools and then re-introduced.17
3.1.5. R-scope
R-scope (Olympus, Japan) is a modiﬁed standard ﬂexible scope
with two movable instrument channels,8 (Fig. 4). The one channel
moves a grasping forceps vertically for tissue counter-traction, and
the other swings a cutting knife horizontally for dissection. This
allows the scope to be positioned at the operative ﬁeld and then frees
the surgeon’s hands to perform ﬁne retraction, dissection and
manipulation. The R-scope also has a larger, separate channel for
suction and irrigation. It has been reported that in laboratory settings,
this scope can be successfully used for intralumenal procedures and
antegrade intraabdominal procedures such as biopsies.17 Astudillo
et al.32 evaluated this endoscope for performance of transgastric
cholecystectomy in 16 pigs. The endoscope was sufﬁciently stable to
Fig. 6. Master–slave surgical robotic system.
Fig. 7. Viacath – robotic endolumnial surgical system.
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The important disadvantages of this system are visio-spatial disori-
entation and its size and ﬂexibility.
3.1.6. Direct Drive Endoscopic System
The Direct Drive Endoscopic System (Boston Scientiﬁc, Natick,
MA, USA) consists of three elements: a pair of articulating instru-
ments, a steerable guide sheath that accommodates a small caliber
video-endoscope, and a rigid rail platform. The articulating
instruments are introduced through channels in the guide sheath
(Fig. 5). The system has one 6 mm lumen for an available ﬂexible
endoscope and two 4 mm lumen for the steerable instruments
capable of performing six degrees of independent motion. Control
of the instruments is performed through ergonomically driven
handles, which slide on the rail platform passing hand motion to
the tips of the instrument. According to the Rothstein’s and
Swanstrom’s study, this platform system enabled advanced intra-
lumenal endoscopic surgical procedures and NOTES procedures.
Direct Drive Endoscopic System has undergone feasibility studies in
performing endoscopic mucosal resection and endoscopic
submucosal dissection in porcine model.33,34 This platform with
standard endoscopic accessories (curved needle knife, scissors and
tissue graspers) was used in porcine model to create 2 by 2 cm
endoscopic mucosal resection using saline lift technique. Outcome
measurements included time to perform the procedure, adequacy
of the resection specimen, and clinical complications and their
resolution (perforation, bleeding). The newDirect Drive Endoscopic
System was able to perform gastric endoscopic mucosal resection
with precise endoscopic submucosal dissection in a live porcine
model.33 Disadvantages of this system are the complexity, which
requires a long time for installation, navigation is still poor and
instrument exchange is cumbersome.3.2. Robotic-based platforms
There has been an increase in research focusing on the assis-
tance of robots to perform minimally invasive surgery, although,
the establishment of robotic technologies in endoscopy and
particularly in NOTES has been more challenging. Rapidly devel-
oping miniaturised robotic modules and integration of functions
may allow performing surgical tasks through natural oriﬁces.
3.2.1. Master–slave surgical robotic system
In 2006 the scientiﬁc groupof S.C. Lowreported themaster–slave
surgical robotic system for therapeutic gastrointestinal endoscopic
procedures that could also be used for NOTES-related applications.
They designed and built a master–slave robotic system to enhance
gastrointestinal endoscopic procedures (Fig. 6). The developed
system includes a long and ﬂexible body that enables advancement
Fig. 8. NOTES micro robot in the peritoneal cavity.35 (a) Stretch and dissect of cystic duct.35
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experiments a user was able to apply the master–slave system to
perform tasks such as grabbing and cutting aswell as pick and place.
Future animal trials are planned using the developed system.35
3.2.2. ViaCath
The ViaCath System, developed by EndoVia Medical (Norwood,
MA, USA), is a ﬁrst generation teleoperated robot for endolumenal
surgery. The system involves a master console with haptic inter-
faces, slave drive system, and long-shafted ﬂexible instruments that
run in conjunction with a standard endoscope. The two articulated
robotic instruments on the tip are placed in front of the endoscope,
allowing the performance of bimanual manipulations under visual
control (Fig. 7). Many electromechanical modules in the ViaCath
system were initially developed by EndoVia for Laprotek, a tele-
operated surgical robotic system for laparoscopic surgery.36 The
Laprotek architecture is modular by design allowing individual
components to be upgraded without requiring a complete system
redesign. ViaCath built on this technology by using the existing
surgeon console and slave motor packs. The ViaCath system was
validated using bench top tests with inanimate phantoms, manip-
ulation of excised tissue, and in-vivo animal evaluations.37 The
disadvantage of the ﬁrst generation ViaCath was that the devices
were difﬁcult to introduce into the gastrointestinal tract and
manipulation forces were insufﬁcient.
3.2.3. Micro robots
An alternative concept is the use of mobile miniature in vivo
surgical robots that can be placed endoscopically into the perito-
neal cavity and can be controlled wirelessly. Studies have demon-
strated that robotic systems help with providing visual feedback
through onboard cameras and task assistance with the help of
attached manipulators. Rentschler and colleagues developed anendolumenal robot (12 75 mm in size) (Fig. 8) with capability of
transgastric exploration under gastroduodenoscopic control. The
mobile robot contains a helical wheel proﬁle, which provides
sufﬁcient traction for mobility without causing tissue damage. Two
independent motors control the wheels, thus providing forward,
backward, and turning capability. The robot tail prevents the
counter-rotation of the robot’s body when the wheels are turning.
This micro robot has been used successfully in the porcine
abdominal environment and there are plans for formal NOTES
animal testing soon.36 Although it is unlikely that the micro robot
could be used alone to perform surgical procedures such as an
appendectomy, it could be used in conjunction with the endoscope
to achieve better visualization and greater mobility in the perito-
neal cavity,38 (Table 2).
4. Conclusion
In discussing speciﬁcs of a platform, it is important to under-
stand what is required for the platform. The ﬁrst question to
address regarding platforms for NOTES is whether to use the
endoscope as the primary platform, a multilumen overtube, or
complex systems involving robotics, or a combination of these. If
the endoscope itself acts as the primary platform, it will require
multiple channels and demand a larger diameter scope. A better
approach may be to reduce the scope diameter and place working
channels outside the scope.37 Modern endoscopes do not have the
stability to allow precise dissection. This problem was solved with
an overtube, for instance, ShapeLock. Based on it, a multi-lumen
platform TransPort has been developed. Another promising
prototype is the Direct Drive Endoscopic System which has the
ability of triangulation and independent instrument control, as this
allows more advanced surgical techniques such as suture closure
with curved needles and knot tying to become possible. An
Table 2
Navigation platforms and systems for NOTES.
Name Characteristics of
the platforms
Availability Advantageous
characteristics
Potential
disadvantages
NeoGuide (NeoGuide Systems, USA) Endoscope-based Available for colonoscopy  Maneuverability
 Stability
 Visualization
 Illumination
 Visio-spatial disorientation
 Insufﬂation
TransPort with ShapeLock
(USGI Medical, USA)
Endoscope-based Available in the market  Maneuverability
 Stability
 Decreased disorientation
 Controlled insufﬂation
 Triangulation
 Complexity
Cobra (USGI Medical, USA) Endoscope-based Prototype  Triangulation
 Visualization
 Imprecise movements
and control
R-scope (Olympus, Japan) Endoscope-based Prototype  Maneuverability
 Triangulation
 Stability
 Precise movements
 Size
 Visio-spatial disorientation
 Flexibility
 Complexity
Direct Drive Endoscopic System
(Boston Scientiﬁc, Natick, MA, USA)
Endoscope-based Prototype  Maneuverability
 Triangulation
 Stability
 Precise movements
 Size
 Visio-spatial disorientation
 Complexity
 Navigation
Master–slave surgical robotic system Robotic-based Prototype  Maneuverability
 Triangulation
 Stability
 Precise movements
 Size
 Visio-spatial disorientation
 Navigation
 Complexity
ViaCath (EndoVia) Robotic-based Prototype  Maneuverability
 Triangulation
 Stability
 Visualization
 Illumination
 Introduction to GI tract
 Manipulation
Micro robots
(Group of Oleynikov, USA)
Robotic Prototype  Maneuverability
 Visualization
 Illumination
 Precise movements
Can only be used in conjunction with
another platform
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camera is helpful to capture the whole procedure and this would
help to reduce undesirable events such as organ laceration and if
such events do occur, they are more likely to be visualized so that
consequences could be diminished. With more advanced tech-
nology, a wider and better ﬁeld of view may be achievable using
a multi-tasking platform, such as the integration of multiple
cameras on separate arms of endoscopic devices.
The novelty and complexity of the devices and the fact that this
type of new surgery requires sophisticated and skilled assistants
mean that there is a substantial learning curve for its use, and it is
essential that the development of these platforms is performed in
designated research units with adequate facilities for simulation
and initial cadaver and animal trials. Existing endoscope-based
NOTES platforms have many advantages, but efﬁcient and safe
navigation remain a concern in their use. These issues may be
solved with a forward driven, multi-segmented, fully kinematic
robotic platform armed with active constraints and with the
advantages offered by a robot–human interface38 since current
robotic systems for NOTES possess several disadvantages such as
size, cost, navigational properties and manipulation. The micro
robots described appeared relatively easy to navigate the around
peritoneal cavity and with further development may hold great
potential for use in NOTES.
Another important issue is that none of the discussed platforms
are widely available in the market, and when they do become
available, the cost is likely to be substantial. This will unfortunately
inhibit the uptake of these technologies by some surgical units. The
development of a multitasking system and stable platform is
perhaps not necessary for performing very simple procedures, but
will be critical to the use of translumenal surgery for more complexprocedures. To produce the optimum platform necessary for NOTES
procedures, close collaboration between clinicians, engineers and
industry is paramount. It is likely that the innovative process
requires substantial further reﬁnement before a suitable platform is
brought forward for human trials.
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